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Description 

The present invention relates to a block copolymer with rubber elasticity. More specifically, the instant 
invention is concerned with an ABA type block copolymer having an acrylic ester residue in its intermediate 

5 block, which may be used in applications wherein the (raw or starting) materials used are required to 
possess rubber elasticity, for instance, as the (raw or starting) materials for elastomers, sealants, packings, 
adhesives, solvent type adhesive materials, hot-melt adhesive materials, heat sealants, vibration-proof 
materials, sound absorbers, solings, sports goods, toys, hoses, tubes, automotive parts and so on. 
In many cases, block copolymers possess the properties inherent in their constitutional blocks. 

70 Development of block copolymers having an acrylic ester residue in their intermediate blocks has thus 
been potentially expected because of an acrylic ester excelling in flexibility, weather resistance and 
chemical resistance. Until now in regard to block copolymers having an intermediate block of acrylic ester 
residues and their preparation, however, only the block copolymer synthesized with a polymeric peroxide 
has been proposed in, e.g., Japanese Patent Laid-Open Publication No. 61(1986)^287915. 

75 However, the block copolymer proposed in that publication is a so-called AB type diblock copolymer. In 
general, the AB type diblock copolymer is free from elastic nature, say, rubber elasticity, since although one 
block is under constraint as a frozen or crystalline phase, yet the other is free. For that reason, such a 
diblock copolymer could not be used in various applications in which rubber elasticity is required, as 
already mentioned. . . ... 

20 . An object of the present invention is to provide a solution to the aforesaid problem. According to the 
present invention, it has now been found that an ABA type block copolymer having an acrylic ester residue 
in its intermediate block combines excellent flexibility, weathering resistance, chemical resistance, etc., 
which acrylic ester polymers possess, with elastic nature, i.e., rubber elasticity. 

More specifically, the ABA type block copolymers of the present invention are represented by the 

25 following formula I. „ 



CH — (M 1 )- (M J ) — SCN (I) 
S R * 




35 

wherein: 

two R 1 s, which may be different or identical, are each a hydrocarbyl group having 1 to 3 carbons, 
two R 2 s, which may be different or identical, are each a hydrogen atom or a hydrocarbyl group having 
1 to 3 carbon atoms, 
40 M 1 is an acrylic ester residue represented by: 



45 



50 



55 



— CH — CH— 
I 

OR 3 



wherein r 

R 3 is a hydrocarbyl group having 1 to 18 carbon atoms, which may or may not be replaced with an 
alkoxy or hydroxy group, 

M 2 is a methacrylic acid or ester residue represented by: 
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CH 3 



— CH-C— 

r 

OR 4 



70 



wherein R* is a hydrocarbyl group having 1 to 18 carbon atoms or a hydrogen atom; an aromatic vinyl 
residue represented by: 

76 

R 5 
I 



CH — C — 



20 



R 6 



wherein R 5 is an hydrogen atom or a methyl group, and R 6 is a phenyl or alkylphenyl group; or a 
25 maleimido residue represented by: 



— (jJH — CH— 
R 7 



wherein 

40 R 7 is a hydrocarbyl group having 1 to 12 carbon atoms, or a phenyl or alkylphenyl group, and 
n and m each are a natural number of 20 to 5000. 

According to the present invention, there are provided ABA type block copolymers having an acrylic 
ester residue in their intermediate blocks, which possess elastic nature, i.e., rubber elasticity, in addition to 
flexibility, weathering resistance and chemical resistance. 

45 

(1 ) Blocks A and B 

In the present disclosure, the term "residue" defined in Formula I shall refer to a repeating unit wherein 
vinyl group-containing monomers are bonded together by addition polymerization. 

so It is generally known that ABA triblock copolymers, "which contain a polymer block B '(a soft or flexible 
chain) as an intermediate block and rigid polymer blocks A (hard or rigid chains) as both end blocks, 
possess rubber elasticity. (See "Application Note for Rubber* Elastomer", edited by Society for the 
Research of Rubber* Elastomer, page 24). 

In the present invention, the acrylic ester residue forming the intermediate block B of the block 

55 copolymer is flexible and forms a soft polymer block due to the structure that a carboxylic ester having a 
high degree of freedom in view of conformation is bonded to the backbone chain of the polymer as a side 
chain. 



30 
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On the other hand, the methacrylic ester residues forming both end blocks A of the block copolymer 
are rigid and form hard polymer blocks. The reason is that the microbrownian and rotary motions of such 
blocks are as a whole prevented due to the structure that a methyl group and a carboxylic ester group are 
simultaneously bonded to the same carbon atom of the backbone chain of the polymer. Similarly, the 

5 aromatic vinyl residue is of the structure that a voluminous aromatic having a low degree of freedom in view 
of conformation is bonded to the backbone chain of the polymer, while the maleimido residue is of the 
structure that the backbone chain of the polymer is of a five-membered ring structure having a low degree 
of freedom in view of conformation. Thus, they become rigid and form hard polymer blocks because of their 
microbrownian and rotary motions being prevented. 

70 It is thus appreciated that the ABA type triblock copolymers of the present invention, as represented by 
Formula I, contain a soft chain as the intermediate block B and hard chains as both end blocks A with the 
result that they provide ABA block copolymers capable of possessing rubber elasticity. 



75 



20 



25 



(2) Monomers of Blocks A and B 

As the block B-forming monomers, as can be defined by M 1 in Formula I: 



CH — CH- 



C = 0 
I 

OR 3 



wherein R 3 stands for a hydrocarbyl group having 1 to 18, preferably 3 to 9, carbon atoms or a hydrocarbyl 
group having 1 to 18, preferably 2 to 10, carbon atoms which has a substituent that is an alkoxy group 
(having preferably 1 to 10 carbon atoms) or a hydroxy I group, mentioned are acrylic esters such as methyl 

30 acrylate, ethyl acrylate, n-butyl acrylate, iso-butyl acrylate, hexyl acrylate, iso-octyl acrylate, 2-ethylhexyl 
acrylate, iso-nonyl acrylate, decyl acrylate, stearyl acrylate, hydroxyethy I acrylate, 2-methoxyethyl acrylate, 
2-ethoxyethyl acrylate, 2-butoxyethyl acrylate, pentaethylene. glycol acrylate monomethyl ether, Methylene 
glycol acrylate monoethyl ether and diethylene glycol acrylate monobutyl ether. 

It is understood, however, that the block B can contain residues such as acrylic acid, methacrylic acid, 

35 aromatic vinyl derivative and/or vinyl acetate residues in such small amounts that the properties which the 
acrylic ester residue possesses, i.e., flexibility, weathering resistance and chemical resistance are not 
impaired. More definitely, the amount of such residues incorporated is less than 5 parts by weight with 
respect to 100 parts by weight of the acrylic ester forming the intermediate block. 

As the monomers providing the methacrylic ester or acid residues to form the block A, as can be 

40 defined by M 2 in Formula I: 

CH 3 



— CH — C— 

C = 0 
I 

-so- - •; OR 4 — 



wherein R* stands for a hydrocarbyl group having 1 to 18 carbon atoms or a hydrogen atom, mentioned are 
methyl methacrylate, ethyl methacrylate, n-butyl methacrylate, iso-butyl methacrylate, tertiary butyl 
55 methacrylate and methacrylic acid. 
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As the monomers forming the aromatic vinyl residue, as can again be defined by M 2 in Formula I: 



w 



R 5 
I 

— CH — C — 
I 

R 6 



wherein R 5 stands for a hydrogen atom or a methyl group, and R 6 denotes a phenyl or alkylpheny group, 
mentioned are styrene, para-methylstyrene, ortho-methylstyrene, a-methylstyrene and 0-methylstyrene. • 
75 As the monomers providing the maleimido residues, as can still again be represented by M 2 in Formula 
I: 




wherein R 7 stands for a hydrocarbyl group having 1 to 12, preferably 1 to 6, carbon atoms or a phenyl or 
30 alkylphenyl group, mentioned are maleimides such as N-methylmaleimide, N-ethylmaleimide, N-lauryl- 
maleimide, N-phenylmaleimide and N-o-methylphenylmaleimide. v 

As is the case with the block B, the blocks A can contain less than 5 weight % of such nonessential 
monomers as mentioned in connection with the block B in addition to the essential monomers. 

Further, M 2 may comprise not only one of these three essential monomers but also two or more thereof 
35 (and optionally the aforesaid nonessential monomers). 

It is understood that, when two blocks A are present, they are usually identical with each other in view 
of the preparation method to be described later, but may possibly be different from each other. 

(3) Preparation 

40 

The block copolymers of the present invention should preferably be synthesized with the use of an 
initiator having a plurality of dithiocarbamate groups. 

Synthesis per se of the ABA type block copolymers using such an initiator having dithiocarbamate 
groups has already~been known in the art. (For instance, see "Polymer Preprint, Japan", Vol. 32, No. 6- 
45 (1983), p. 1047). 

The present ABA type block copolymer having its intermediate block B comprising a specific residue 
and both its end blocks A comprising specific residues, as obtained by making use of the reaction that is 
known per se, are more definitely synthesized by the following two-stage polymerization. 

The acrylic ester is first photopolymerized in the first-stage polymerization using a dithiocarbamate 
"so ~~ compound represented by the~generai formula II: 
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10 



15 



20 




•R 1 



NCS-CH^OJ J-CSr SC n tll) 

wherein two R 1 s, which may be different or identical, are a hydrocarbyl group having 1 to 3 carbon atoms, 
and two R 2 s, which may be identical or different, are a hydrogen atom or a hydrocarbyl group having 1 to 3 
carbon atoms, whereby an acrylic ester polymer dithiocarbamated at both its ends is obtained, as 
represented by the following general formula III: 



E \ — /*' 



25 wherein R 1 and R 2 have the same meanings as above, M 1 denotes an acrylic ester residue, and n indicates 
a natural number of 20 to 5,000. 

It is noted that n in Formula III, viz., the number of residues contained in the polymer is determined by 
the molar ratio of the dithiocarbamate compound used and the acrylic ester monomer used. For instance, if 
the molar ratio of the dithiocarbamate compound and the monomer is 1:20, then n is 20. Similarly, if that 

30 molar ratio is 1:5,000, then n is 5,000. 

For the next or second-stage polymerization, the monomer for M 2 , viz., the methacrylic ester, maleimido 
or aromatic vinyl derivative is photopolymerized, using the acrylic ester polymer dithiocarbamated at both 
its ends per se as an initiator, whereby the ABA type block copolymer represented by Formula I can be 
obtained.Theliumber of residues in the terminal high-molecular chain, as defined by m in Formula I, is 

35 determined by the molar ratio of the acrylic ester polymer dithiocarbamated at both its ends and the 
monomer used for the second-stage polymerization, such as a methacrylic ester. For instance, if the molar 
ratio of the acrylic ester polymer and the monomer is 1:20, then m is 20. Similarly, if that molar ratio is 
5,000, then m is 5,000. 

Both thelirst and second polymerization stages are usually carried out with ultraviolet rays having the 
40 wavelength required for the decomposition/radical generation of said dithiocarbamate, e.g., 300 to 500 nm. 
Provided that light reaches the dithiocarbamate groups that are the initiation sites in the first- and second- 
stage polymerizations, any one of bulk, solution, suspension, dispersion, slurry or emulsion polymerization 
technique can be used. ^ 

As solvents to be used for both the first and second polymerization stages when these stages are 
45 carried out in solution polymerization are preferably used such solvents that have no absorption of the 
ultraviolet at 300 to 500 nm, have a small chain transfer constant and can dissolve well the monomer and 
the polymer produced therefrom. Solvents which are suitable are hydrocarbons such as benzene, toluene, 
xylene, ethylbenzene, hexane and heptane; ketones such as acetone and methyl ethyl ketone; esters such 
as ethyl acetate; amides such as dimethylformamide; and alkanols such as isopropanol and butanoi. 
.„ ^ atmosphere "during" the" polymerization and the "polymerization temperature are preferably those 
employed in an usual radical polymerization, e.g. preferable at a temperature of 10 to 150* C under inert 
gas such as nitrogen or argon. 

In the ABA type block copolymers of Formula I, the end blocks A cannot function as the constrained 
phase, when the number m of the residue units therein is less than 20. When that number exceeds 5,000, 
55 on the other hand, no rubber elasticity can be obtained because of the proportion of the constrained phase 
increasing relatively. Further, the ABA type block copolymers of Formula I cannot show any rubber 
elasticity, when the number n of residue units in the intermediate block B is less than 20, while they 
degrade in flowability and moldability, when that number exceeds 5,000. 
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Dithiocarbamate groups on both the ends of the block copolymer produced can be made inactive to the 
ultraviolet by a post treatment. The block copolymer may be made inactive to ultraviolet by, for example, 
heat treating the block copolymer for several minutes at a temperature of 250 *C or higher or by treating 
the block copolymer with acidic or alkaline solution. Alternatively, the carbamate terminals or the block 
5 copolymer can be substituted by UV-insensitive groups by, for example, adding under irradiation of the 
ultraviolet a chemical which has a large chain transfer constant such as a thiol compound. 

The present invention will now be explained in more detail with reference to the examples and 
comparative examples. 

io Example 1 ' 

Two point four (2.40) g of p-xylylene bis(N,N-diethyldithiocarbamate) (hereinafter abbreviated to XDC) 
represented by the following structural formula: 

75 



20 




25 was dissolved in 553 g of butyl acrylate, and put in a pyrex® (pyrex is a registered trademark) vessel of 1 
liter, which was sufficiently replaced therein with nitrogen and then plugged. The vessel was thereafter 
located at a position spaced away 15 cm from a 400-watt ultraviolet lamp (a mercury lamp H400L 
manufactured by Toshiba, Co., Ltd.) for about 10-hour irradiation. After that irradiation, gas chromatography 
indicated that the amount of the butyl acrylate monomer remaining in the polymer product was 1.5 %; the 

30 conversion of butyl acrylate was 98.5%. Liquid chromatography also indicated that any XDC was not 
detected from the polymer product whatsoever. Hence, all the XDC is considered to be added to the butyl 
acrylate polymer, and the product is a polymer containing a soft polymer block and dithiocarbamated at 
both its ends. 

Gel permeation chromatography of the polymer product obtained in a yield of 547 g revealed that its 
35 molecular weight was 93,000 in terms of a number-average molecular weight (Mn) and 174,800 in terms of 
a weight-average molecular weight (Mw), both calculated as polystyrene. The value of n in Formula I is 800. 

Next, 240 g of this polymer product was put in the same glass vesset as above, into which 60 g of 
methyl methacrylate (manufactured by Mitsubishi Rayon, Co., Ltd. and sold in the name of Aery Ester M® 
(registered trade mark)) and 300 g of toluene were added, well-mixed and dissolved. The product was 
40 polymerized by 10-hour ultraviolet irradiation under the same conditions as above. 

Gas chromatography of the polymer solution indicated that the amounts of the methyl methacrylate and 
butyl acrylate monomers remaining therein were 1.0% and 0.5%, respectively; the final conversion of the 
monomers was 98.5%. This polymer in solution was reprecipitated from 10 liters of hexane and dried under 
reduced pressure to obtain 276 g of a polymer product, which was found to have a molecular weight Mn of 
45 115,000 and a molecular weight Mw of 256,000. At 175'C and a shear rate of 1000 sec~\ this block 
copolymer had a melt viscosity of 4.4 x 10 Pa*s (10 2 poise (P)), which permits it to be satisfactorily molded 
by an existing hot-melt molding machine. The value of m in Formula I is about 250. 

The following thermochemical examination (1) and morphological observation (2) of the molecular 
structure of the polymer product revealed that it was an ABA type resin including hard polymer blocks A 
so having a Tg of 1 04 * C "and a soft polymer block B having a Tg of -54 * C. 

(1) Thermochemical Examination 

As a result of calorimetry of the polymer product with a differential scanning calorimeter (hereinafter 
55 abbreviated to DSC), glass transition points were observed at -54 'C and 104* C, but any other specific 
point could not be detected. The glass transition points of - 54* C and 104" C are derived from the butyl 
acrylate and methyl methacrylate polymer blocks, respectively. 
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Thus, it has turned out that this resin product is a block copolymer or a noncompatible polymer blend, 
rather than a random copolymer or a compatible polymer blend to say the least. 

For that reason, this resin product was subjected to morphological analysis so as to ascertain whether it 
gas a block copolymer or a noncompatible polymer blend. 

5 

(2) Morphological Analysis 

Morphological analysis of the polymer product under a phase-contrast microscope or a scanning 
electron microscope (hereinafter abbreviated to SEM) indicated a microphased structure with domains of 
10 500 A (5 x 10~ 8 m) or lower in diameter. Such a microphased structure is characteristic of a block 
copolymer (Akiyama, Inoue and Nishi, "Polymer Blend", pp. 169, 1981). 

For the purpose of comparison, 80 parts by weight of a butyl acrylate homopolymer wherein Mn was 
95,000 and Mw was 176,000, synthesized from XDC in the same apparatus as used in Example 1 and 20 
parts by weight of a methyl methacrylate homopolymer wherein Mn was 9,100 and Mw was 18,300, 
75 synthesized in a similar manner, were kneaded together at 200 *C and 100 rpm for 5 minutes in a 
Brabender Plastomiil. Similar morphological observation of the resulting product indicated a macrodomain 
structure with domains of 100 u or higher in diameter. This was a typical noncompatible polymer blend with 
the structure being quite different from the microdomain structure of the aforesaid polymer product 

From the results determined by the two means as mentioned above, it is evident that the polymer 
20 product obtained in Example 1 is a block copolymer. Taking into further consideration the fact that the 
polymerization initiator used was a polymer dithiocarbamated at both its ends, the polymer product 
obtained was thus identified as an ABA type block copolymer comprising a butyl acrylate homopolymer B 
having a Tg of -54 • C and methyl methacrylate homopolymers A having a Tg of 104* C. 

The quantity' of the monomers polymerized into the block determined by treating the polymer product 
25 with acetone for the extraction of the homopolymers was 88.0%. 

The properties of the synthesized block copolymers were estimated by tensile and chemical resistance 
testings, the results of which are set forth in Table 1. The conversion of monomers, quantity of monomers 
polymerized into the block, melt index of polymers and the like are also set forth in Table 1. 

30 Example 2 

A block copolymer was synthesized in a similar manner as described in Example 1 , except that 60 g of 
styrene was used in place of 60 g of methyl methacrylate. A polymer wherein molecular weight Mn was 
131 ,000 and Mw was 265,000 was obtained in a yield of 263 g. 

35 The structure of the polymer product was identified with similar procedures as described in Example 1 . 
Calorimetry indicated that there was nothing but Tgs of -54 # C and 100'C arising from the butyl acrylate 
and styrene homopolymers. Morphological analysis also identified the polymer product as a block 
copolymer. From the aforesaid results and the fact that the initiator was bifunctional, it has turned out that 
the polymer product is an ABA type block copolymer comprising a butyl acrylate homopolymer block B and 

40 styrene homopolymer blocks A. 

The properties of this block copolymer are set forth in Table 1. 

Example 3 

45 A block copolymer was synthesized in a similar manner as described in Example 1, except that a 
mixed liquid of 30 g of N-phenylmaleimide and methyl methacrylate were used in place of 60 g of methyl 
methacrylate. A polymer wherein molecular weight Mn was 130,000 and Mw was 262,000 was obtained in a 
yield of 261 g. 

The structure of the polymer product was identified with similar procedures as described in Example 1. 
so "CaloTimetry indicated that there was nothing" but Tgs -54* C and~177*C arising from the butyracrylate 
homopolymer and the random copolymer of N-phenylmaleimide and methyl methacrylate. Morphological 
analysis also identified the polymer product as a block copolymer. From the aforesaid results and the fact 
that the initiator was bifunctional, it has turned out that the polymer product is an ABA type block copolymer 
comprising a butyl acrylate homopolymer block B and N-phenylmaleimide/methyl methacrylate random 
55 polymer blocks A. 

The properties, etc. of this block copolymer are set forth in Table 1. 
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Comparative Example 1 

The properties of commercially available acrylic rubber (Toacron® AR-701 (registered trade mark) 
manufactured by Toa Paint Co., Ltd.) were measured, and are set forth in Table 1 for the purpose of 
5 comparison. " 

Comparative Example 2 

The properties of commercially available thermoplastic elastomer (Kalifiex® TR1117 (registered trade 
to mark) manufactured by Shell Chemical Co., Ltd.) were measured, and are set forth in Table 1 . 
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Referring to the results given in Table 1 , various performance testings were conducted in the following 
manners. 
55 *1 : Melt Viscosity 

Measured at 175* C and a shear rate of 10 3 s" 1 with a rheometer of Instron Co., Ltd. 
*2: Tensile Testing 

Conducted according to the tensile testing of JIS K6301. 
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Weathering Resistance 

The same test piece as used for the aforesaid tensile testing was subjected to 2000-hour 
accelerated weathering with a sunshine carbon arc weatherometer to calculate the following 
value, i.e., a tensile elongation retained, from the following equation: 



Tensile Elongation Retained (%) 

Tensile Elongation After Weathering 

= : X 100 

Tensile Elongation Before Weathering 



Chemical Resistance 

After rectangular test pieces, each of 10 mm x 50 mm x 1.0 mm, were immersed in various 
chemicals at 23 • C for 24 hours, their appearance was visually observed and estimated by the 
following ranks. 
... Dissolved ... 
... Swollen 
... No change 

Example 4 

A block polymer was synthesized in a similar manner as described in Example 1 , except that 553 g of 
25 2-ethylhexyl aery late was used in place of 553 g of butyl acrylate. 

A polymer product wherein molecular weight Mn was 115,000 and Mw was 256,000 was obtained in a 
yield of 298 g. 

The structure of the polymer product was identified with similar procedures as described in Example 1. 
Calorimetry indicated that there was nothing but Tgs of -85 "C and 104* C arising from the 2-ethylhexyl 
30 acrylate and methyl methacrylate homopolymers. Morphological analysis also identified the polymer 
product as a block copolymer. From the aforesaid results and the fact that the initiator was Afunctional, it 
has turned out that the polymer product is an ABA type block copolymer comprising a 2-ethylhexyl acrylate 
block B and methyl methacrylate blocks A. 

The quantity of monomers polymerized into the block of the polymer product was found to be 87.0% as 
35 measured by treating it with acetone for the extraction of the homopolymers. 

The polymer product was kneaded at 200 "C and 100 rpm for 5 minutes with a Brabender Plastomiil, 
and was applied onto a polyester film of 25 urn in thickness to a coating thickness of 30 urn with a roll 
coater, thereby preparing an adhesive tape, the properties of which were as set forth in Table 2. The rate of 
conversion of monomers; quantity of monomers polymerized into the block, melt index of polymer and the 
40 like are also set forth in Table 2. 

Example 5 

A block polymer was synthesized in a similar manner as described in Example 4, except that 60 g of 
45 styrene was used in place of 60 g of methyl methacrylate. 

A polymer product wherein molecular weight Mn was 121,000 and Mw was 266,000 was obtained in a 
yield of 298 g. 

The structure of the polymer product was identified in accordance with similar procedures as described 
in Example 1. Calorimetry indicated that there was nothing but Tgs of -85 *C and 100 # C arising from the 2- 
5o ethylhexyracrylate homopolymer and styrene homopolymer. Morphological analysis also identified the™ 
polymer product as a block copolymer. From the aforesaid results and the fact that the initiator was 
Afunctional, it has turned out that the polymer product is an ABA type block copolymer comprising a 2- 
ethylhexyl homopolymer block B and styrene homopolymer blocks A. 

Table 2 shows the properties of an adhesive tape prepared in a similar manner as in Example 4 with 
55 this blockcopolymer. 
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Example 6 

Ninety (90) g of the block copolymer synthesized in Example 4 were dissolved in 210 g of ethyl 
acetate, and the resulting solution was applied onto a polyester film of 25 it in thickness to a coating 
5 thickness of 30 ji, as measured after drying, with a bar coater. The product was dried at room temperature 
for 24 hours to prepare an adhesive tape, the properties of which were as set forth in Table 2. 

Example 7 

io An adhesive tape was prepared in a similar manner as in Example 6, except that 90 g of the block 
copolymer synthesized in Example 5 was used in place of 90 g of block copolymer synthesized in Example 
4 and used in Example 6. The properties of that tape were as set forth in Table 2. 

Comparative Example 3 

is 

One hundred (100) g of a styrene/isoprene/styrene block copolymer (manufactured by Shell Chemical 
Co., Ltd, and available in the name of Kaliflex® TR-1107 (registered trade mark)) and 100 g of a 
polyterpene resin (manufactured by Kore polymer Co., Ltd. and available in the name of Piccolyte® A-115 
(registered trade mark)) were kneaded together at 180* C and 100 rpm in a Brabender Plastomill to form a 
20 hot-melt type adhesive agent, with which an adhesive tape was prepared in a similar manner as in Example 
1 . The properties of the obtained adhesive tape were as set forth in Table 2. 
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Referring to the results given in Table 2, various performance testings were carried out as stated below. 
1 : Melt Viscosity 

Measured at 175* C and a shear rate of 10 3 s' 1 by means of a rheometer of Instron Co., Ltd. 
•2: 180* Peel Testing 

In accordance with JIS Z-0237, an adhesive tape of 10 mm in width and 100 mm in length was 
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applied onto a stainless plate polished with water-resistant polishing paper No. 280, and was then 
peeled therefrom at 23' C and a rate of 300 mm/min. in a direction of 180* . 
*3: Ball Tack 

In accordance with JIS Z-0237, an adhesive tape of 10 cm in length was applied at 23 'C onto a 
s slanting surface of a stainless plate slanting at an angle of 30 \ while the adhesive surface was 

exposed to view. From a position 10 cm above the slanting surface, 30 steel balls of 3/32 to 1 

inch in diameter were then permitted to roll down on the slanting surface at the initial speed of 0. 

The ball tack was represented in terms of the maximum diameter of a ball caused to stop on the 

adhesive tape. 
70 *4: Retaining Force 

In accordance with JIS Z-0237, an adhesive tape was applied to a similarly treated stainless plate 

over a contact area of 25 mm x 25 mm, and a load of 1 kg was applied thereto to measure the 

length of time required for the adhesive tape to dislodge from the stainless plate. 
*5: Deterioration-By-Heat Testing An adhesive agent was retained in a Geer oven held at 150* C and 
75 in an air atmosphere. Thereafter, the obtained adhesive agent was used under similar conditions 

as in Ex. 1 to prepare an adhesive agent, with which a testing similar to the 180* peel testing 

noted in "2 was conducted. 
*6: Weathering Testing 

In accordance with JIS Z-0237, the test piece prepared in *2 was subjected to 48-hour accelerated 
20 weathering with a sunshine carbon arc lamp type weatherometer. Thereafter, a testing similar to 

the 180* peel testing noted in *2 was performed. 

Claims 

25 1- An ABA type block copolymer represented by the following general formula I: 

^NftS- (M\- (M-) - C H —rt^V-CIl -(M 'J- CM«) -SCN ( I ) 



30 



35 



wherein: 

two FVs, which may be different or identical, stand for a hydrocarbyl group having 1 to 3 carbon 
atoms, 

two R 2 s, which may be different or identical, stand for a hydrogen atom or a hydrocarbyl group 
40 having 1 to 3 carbon atoms, 

M 1 stands for an acrylic ester residue represented by the following formula (a): 



45 



50 



— CH 2 — CH— 
I 

C = O (a) 
OR 3 



wherein 

R 3 is a hydrocarbyl group having 1 to 18 carbon atoms, which may or may not be replaced with an 
alkoxy or hydroxy group, 

55 M 2 stands for at least one residue selected from a methacrylic acid or ester residue represented by 

the following formula (b): 
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— CH,— C 



c = o 



(b) 



OR 4 



wherein . 

R* is a hydrocarbyl group having 1 to 18 carbon atoms or a hydrogen atom; an aromatic vinyl 
residue represented by the following formula (c): 



R 5 



— CH — C— 



(c) 



R 6 



wherein 



R 5 is an hydrogen atom or a methyl group, and 

R 5 is a phenyl or alkylphenyl group; or a maleimido residue represented by the following formula 



R 7 is a hydrocarbyl group having 1 to 12 carbon atoms, or a phenyl or alkylphenyl group, and 
n and m each stand for a natural number of 20 to 5000. 

2. A block copolymer as recited in Claim 1, wherein M 2 is a methacrylic acid or ester residue of said 
formula (b) wherein R 4 denotes a hydrocarbyl group having 1 to 18 carbon atoms or a hydrogen atom. 

a A block copolymer as recited in Claim 1 , wherein M 2 is an aromatic vinyl residue of said formula (c) 
wherein R 5 denotes a hydrogen atom or a methyl group, and R s denotes a phenyl or alkylphenyl 



4. A block copolymer as recited in Claim 1 , wherein M 2 is a maleimido residue of said formula (d) wherein 
R 7 denotes a hydrocarbyl group having 1 to 12 carbon atoms, a phenyl group or an alkylphenyl group. 



<d): 




R 7 



wherein 



group. 
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5. A block copolymer as recited in Claim 1, wherein M 1 is an acrylic ester residue of said formula (a) 
wherein R 3 is a hydrocarbyl group having 1 to 18 carbon atoms, or a hydrocarbyl group having 1 to 18 
carbon atoms which is replaced with an alkoxy or hydroxy group. 

5 6. A block copolymer as recited in claim 5, wherein M 2 is a methacrylic ester residue of said formula (b) 
wherein R* is a hydrocarbyl group having 1 to 18 carbon atoms. 

7. A block copolymer as recited in Claim 5, wherein M 2 is an aromatic vinyl residue of said formula (c) 
wherein R 5 denotes a hydrogen atom, and R 6 denotes a phenyl group. 

70 

8. A block copolymer as recited in Claim 5, wherein M 2 is a maleimido residue of said formula (d) wherein 
R 7 denotes a hydrocarbyl group having 1 to 12 carbon atoms. 

9. A block copolymer as recited in Claim 5, wherein m denotes a natural number of 20 to 5,000, and n 
is indicates a natural number of 20 to 5,000. 

A block copolymer as recited in Claim 1, wherein -(M 1 )„- comprises an acrylic ester residue repre- 
sented by said formula (a) and an acrylic acid, methacrylic acid, aromatic vinyl derivative and/or vinyl 
acetate residue in an'amount of below 5 parts by weight with respect to 100 parts by weight of said 
acrylic ester residue. 

A block copolymer as recited in Claim 1, wherein -(M 2 ) m - comprises at least one essential monomeric 
residue selected from those of said formulae (b), (c) and (d) and an optional monomeric residue in an 
amount of below 5% by weight with respect to said essential monomeric residue. 

A block copolymer as recited in Claim 1, wherein M 1 is a butyl acrylate residue, and M 2 is a methyl 
methacrylate residue. 

13. A block copolymer as recited in Claim 1, wherein. M 1 is a butyl acrylate residue, and M 2 is a styrene 
so residue. 

14. A block copolymer as recited in Claim 1, wherein M 1 is butyl acrylate residue, and -(M 2 ) m - consists of 
an N-phenylmaleimido residue and a methyl methacrylate residue. 

35 15. A block copolymer as recited in Claim 1, wherein M 1 is a 2-ethylhexyl acrylate residue, and M 2 is a 
methyl methacrylate residue. 

A block copolymer as recited in Claim 1, wherein M 1 is a 2-ethylhexyl acrylate residue, and M 2 is a 
styrene residue. 

A block copolymer as recited in Claim 1, which is in the form of an elastomer, sealant, packing, 
adhesive material, vibration-proof material, sound absorbing material, soling material or hose. 

18. A method for preparing a block copolymer as recited in Claim 1, wherein an acrylic ester represented 
45 by the following formula: 

CH,=CH 

I 

50 c— o 

OR 3 

55 

wherein R 3 denotes a hydrocarbyl group having 1 to 18 carbon atoms, which may or may not be 
replaced with an alkoxy or hydroxy group, is photopolymerized using as a photopolymerization initator 
a dithiocarbamate compound represented by the general formula II: 
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\ 

•f S S ^R2 

R 



(id 



wherein: 

two R^. which may be different or identical, stand for a hydrocarby! group having 1 to 3 carbon 
atoms, and 

two R 2 s, which may be different or identical, denote a hydrocarby! group having 1 to 3 carbon 
atoms, thereby forming a polymeric intermediate comprising an acrylic ester polymer containing 
dithiocarbamate groups at both its ends, and at least one monomer selected from a methacrylic ester 
or acid represented by the following formula: 



H 3 



CH 2 =C 

C=0 



OR 4 



wherein R 4 is a hydrocarbyl group having 1 to 18 carbon atoms or a hydrogen atom; an aromatic vinyl 
represented by the following formula: 

R 5 

! 

CH— C 
R 6 



wherein R 5 is an hydrogen atom or a methyl group, and R e is a phenyl or alkylphenyl group: or a 
maleimide represented by the following formula: 



H = CH 



I 



•A /%> 



o 



/ 



T 

R 7 

wherein R 7 is a hydrocarbyl group having 1 to 12 carbon atoms, or a phenyl or alkylphenyl group, is 
photopolymerized using said dithiocarbamate intermediate per se as a photopolymerization initiator. 
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Patentanspriiche 

1. ABA-Block-Copolymeres der allgemeinen Formel I: 

NjJS— (M*)_— (M')— CII — /(^)V-CH— (M 1 )- (M*> — SCN ( I ) 

70 R* 3 R * 

mit: 

zwei gleichen oder verschiedenen R 1 als C 1 - bis C 3 -Kohlenwasserstoffresten, 
T5 zwei gleichen oder verschiedenen R 2 als Wasserstoffatom oder C 1 - bis C 3 -Kohlenwasserstoffresten, 

M 1 als Acrylsaureesterrest der Formel: 



20 



25 



30 



35 



40 



45 



50 



55 



— CH — CH— 

C = O (a) 
I 

OR 3 

mit R 3 als C 1 - bis C ,8 -Kohlenwasserstoffrest, der mit einer Alkoxygruppe oder einer Hydroxygruppe 
substituiert ist oder nicht, * 

M 2 mindestens einenm Rest ausgewShlt aus einem MethacrylsSurerest oder einem -esterrest der 
Formel (b): 

CH, 
I 

— CH — C — 

I (b) 

f-o 

OR 4 

mit R* als einem C 1 - bis C 18 -Kohlenwasserstoffrest oder einem Wasserstoffatom oder einem aromati- 
schen Vinylrest der Formel (c): 

R 5 
I 

— CH — C— ( C ) 

R 6 — 

mit R 5 ais einem Wasserstoffatom oder einem Methylrest und 

R 6 als einem Phenyl- oder Alkylphenylrest oder einem Maleimidorest der Formel (d): 
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— CH 



CH— 



0 




N 



' 0 



R 7 



mit R 7 als einem C 1 - bis C 12 -Kohlenwasserstoffrest Oder einem Phenylrest Oder einem Alkylphenylrest, 
und 

n und m jeweils als ganzer Zahl zwischen 20 und 5000. 

2. Block-Copolymeres nach Anspruch 1 , wonach M 2 ein Methacrylsaurerest Oder -esterrest der Formel (b) 
ist, mit R* als C 1 - bis C 18 -Kohlenwasserstoffrest oder Wasserstoffatom. 

3. Block-Copolymeres nach Anspruch 1 , wonach M 2 ein aromatischer Vinylrest der Formel (c) ist, mit R 5 
als Wasserstoffatom oder Methylgruppe und R 5 als Phenyl- oder Alkyiphenylgruppe. 

4. Block-Copolymeres nach Anspruch 1, wonach M 2 ein Maleimidorest der Formel (d) ist, mit R 7 als C 1 - 
bis C 12 -Kohlenwasserstoffrest, als Phenyl oder Alkylphenylrest. 

5. Block-Copolymeres nach Anspruch 1 , wonach M 1 ein Acrylsaureesterrest der Formel (a) ist, mit R 3 als 
C 1 - bis C 18 -Kohlenwasserstoffrest oder als C 1 - bis C 18 -Kohlenwasserstoffrest, der durch eine Alkoxy- 
gruppe oder Hydroxygruppe substituiert ist. 

6. Block-Copolymeres nach Anspruch 5, wonach M 2 ein Methacrylsaureesterrest der Formel (b) ist, mit R 4 
als C 1 - bis C 18 -Kohlenwasserstoffrest. 

7. Block-Copolymeres nach Anspruch 5, wonach M 2 ein aromatischer Vinylrest der Formel (c) ist, mit R 5 
als Wasserstoffatom und R 6 als Phenylgruppe. 

a Block-Copolymeres nach Anspruch 5, wonach M 2 ein Maleimidorest der Formel (d) ist, mit R 7 als C 1 - 
bis C 12 -Kohlenwasserstoffrest. 

9. Block-Copolymeres nach Anspruch 5, mit m als ganzer Zahl zwischen 20 und 5000 und n als ganzer 
Zahl zwischen 20 und 5000 ist. 

10. Block-Copolymeres nach Anspruch 1, worin -(MV einen Acrylsaureesterrest der Formel (a) und ein 
Acrylsaure-, Methacrylsaure- und aromatisches Vinylderivat und/oder einen Vinylacetatrest in einem 
Anteil von weniger als 5 Gewichtsteilen bezogen auf 100 Gewichtsteile des Acrylsaureesterrest umfaflt. 

11. Block-Copolymeres nach Anspruch 1, worin -(M 2 )™- mindestens einen wesentlichen Monomerenrest, 
ausgewahlt aus den Resten der Formeln (b), (c) und (d) und einen wahlweisen Monomerenrest in 
einem Anteil von weniger als 5 Gewichtsprozent gegenuber dem wesentlichen Monomerenrest umfaflt. 

12. Block-Copolymeres nach Anspruch 1, mit M 1 als Butylacrylatrest und M 2 als.Methylmethacrylatrest. 



13. Block-Copolymeres nach Anspruch 1, mit M 1 als Butylacrylatrest und M 2 als Styrolrest. 

14. Block-Copolymeres nach Anspruch 1 , worin M 1 ein Butylacrylatrest ist und -(M 2 ) m - ein N-Phenylmalei- 
midorest und einen Methylmethacrylatrest umfaflt. 

15. Block-Copolymeres nach Anspruch 1 , mit M 1 als 2-Ethylhexylacrylatrest und M 2 als Methylmethacryla- 
trest. 
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16. Block-Copolymeres nach Anspruch 1, mit M 1 als 2-Ethylhexylacrylatrest und M 2 als Styrolrest. 

17. Block-Copolymeres nach Anspruch 1, in Form eines Elastomeren, eines Slegelstoffes, eines Dichtstof- 
fes, eines Klebstoffes, eines erschutterungsfesten Stoffes, eines Schallabsorptionsstoffes, eines Sohlen- 

5 stoffes oder eines Schlauches. 

18. Verfahren zur Herstellung eines Block-Copolymeren nach Anspruch 1, wonach ein Acrylsaureester der 
Formel: 



10 



15 



ch 2 =ch 
2 I 

r° 

OR 3 



mit R 3 als C 1 - bis C] 8 -Kohlenwasserstoffrest, der mit einer Alkoxygruppe oder einer Hydroxygruppe 
substituiert ist oder nicht, unter Verwendung einer Dithiocarbamatverbindung der Formel (II) als 
20 Photopolymerisatiohsinitiator photopolymerisiert wird: 



25 




(II) 



30 mit: zwei gleichen oder verschiedenen R 1 als C 1 - bis C 3 -Kohlenwasserstoffresten, 
zwei gleichen oder verschiedenen R 2 als C 1 - bis C 3 -Kohlenwasserstoffresten, 
wodurch ein Zwischenpolymeres gebildet wird, umfassend ein Aery Isaureesterpoly meres, enthaltend an 
beiden Enden Dithiocarbamatgruppen, und mindestens ein Monomeres ausgewahlt aus einem Metha- 
crylsaureester oder einer Methacrylsaure der Formel: 



CH 3 



40 




OR 4 



mit R 4 als einem C 1 - bis C 1 8-Kohlenwasserstoffrest oder einem Wasserstoffatom, einem aromatischen 
Vinylrest der Formel: 



50 



CH 2 =C 



55 



R 5 
I 

\ 



mit R 5 als einem Wasserstoffatom oder einem Methylrest und 
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R 6 als einem Phenyl- Oder Alkylphenylrest, oder einem Maleimidorest der Formel: 




R 7 

mit R 7 als einem C 1 - bis C 12 -Kohlenwasserstoffrest oder einem Phenylrest oder einem Alkylphenylrest, 
unter Verwendung des Dithiocarbamatzwischenprodukts unmittelbar als Photopolymerisationsinitiator 
photopolymerisiert wird. 

Revendications 

1. Copolym&re s£quenc6 de type ABA, represents par la formule g6nSrale suivante (I) : 




dans laquelle : 

- les deux R\ qui peuvent etre differents ou identiques, represented un groupe hydrocarbyle ayant 
1 a 3 atomes de carbone ■. * 

- les deux R 2 , qui peuvent etre differents ou identiques, represented un atome d'hydrogene ou un 
groupe hydrocarbyle ayant 1 a 3 atomes de carbone ; 

- M 1 represente un reste ester acrylique represents par la formule suivante (a) : 

— CH — CH— 

C = 0 (a) 
OR 3 

dans laquelle : 

- R 3 est un groupe hydrocarbyle ayant 1 a 18 atomes de carbone, qui peut ou peut ne pas etre 
substitue par un groupe alcoxy ou un groupe hydroxy ; 

- M 2 represente au moins un reste choisi parmi : - - - ■ - -■ 
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• un reste acide ou ester m6thacrylique represent^ par la formule suivante (b) : 



70 



35 



40 



9 H 3 



— ch — c 



| (b) 

0 = 0 
OR* 



is dans laquelle R* est un groupe hydrocarbyle ayant 1 a 18 atomes de carbone ou un atome 

d'hydrogene 

• uh reste vinyl aromatique represents par la formule suivante (c) : 
20 R s • 

I 

— CH — C— (c) 

25 R« , 

dans laquelle : 

- R s est un atome d'hydrogene ou un groupe methyle, et 
30 - R G est un groupe phenyle ou alkylphenyle ; ou 

• un reste maleimido represents par la formule suivante (d) : 



CH — CH — 
I I 



o'\ /* 

.T 

R 7 



45 dans laquelle : 

• - R 7 est un groupe hydrocarbyle ayant 1 a 12 atomes de carbone, ou un groupe phenyle ou 
alkylphenyle, et * 
- n et m reprSsentent chacun un entier naturel de 20 a 5000. 

so 2. ~ Copolymere sequence" selon la" revindication 1, dans lequel M 2 esTun reste acide ou ester mSthacryli- 
que de ladite formule (b) dans laquelle R 4 designe un groupe hydrocarbyle ayant 1 a 18 atomes de 
carbone ou un atome d'hydrogene. 

3. Copolymere sequence* selon la revendication 1 , dans lequel M 2 est un reste vinyl aromatique de ladite 
55 formule (c) dans laquelle R 5 designe un atome d'hydrogene ou un groupe methyle, et R 6 designe un 
groupe phenyle ou alkylphenyle. 
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4. Copolymere sequence selon la revendication 1, dans lequel M 2 est un reste maleimido de ladite 
formule (d) dans laquelle R 7 designe un groupe hydrocarbyle ayant 1 a 12 atomes de carbone, un 
groupe phenyle ou un groupe alkylphenyle. 

5 5. Copolymere sequence selon la revendication 1 , dans lequel M 1 est un reste ester acrylique de ladite 
formule (a) dans laquelle R 3 est un groupe hydrocarbyle ayant de 1 a 18 atomes de carbone, ou un 
groupe hydrocarbyle ayant 1 a 18 atomes de carbone qui est substitue* par un groupe alcoxy ou 
hydroxy. 

w 6. Copolymere sequence selon la revendication 5, dans lequel M 2 est un reste ester methacrylique de 
ladite formule (b) dans laquelle R* est un groupe hydrocarbyle ayant 1 a 18 atomes de carbone. 

7. Copolymere sequence selon la revendication 5, dans lequel M 2 est un reste vinyl aromatique de ladite 
formule (c) dans laquelle R 5 designe un atome d'hydrogene, et R G designe un groupe phenyle. 

8. Copolymere sequence" selon la revendication 5, dans lequel M 2 est un reste maleimido de ladite 
formule (d) dans laquelle R 7 designe un groupe hydrocarbyle ayant 1 a 12 atomes de carbone. 

9. Copolymere sequence selon la revendication 5, dans lequel m designe un entier naturel de 20 a 5000, 
20 et n designe un entier naturel de 20 a 5000. 

10. Copolymere sequence* selon la revendication 1, dans lequel -(M 1 )„- comprend un reste ester acrylique 
represent^ par ladite formule (a) et un reste acide acrylique, acide methacrylique, derive vinyl 
aromatique et/ou acetate de vinyle dans une quantite* de moins de 5 parties en poids par rapport a 100 

25 parties en poids dudit reste ester acrylique. 

11. Copolymere sequence selon la revendication 1, dans lequel -(M 2 ) m - comprend au moins un reste 
monomere essentiel choisi parmi ceux desdites formules (b),(c) et (d) et un reste monomere facultatif 
dans une quantite de moins de 5% en poids par rapport audit reste monomere essentiel. 

30 

12. Copolymere sequence selon la revendication 1, dans lequel M 1 est un reste acrylate de butyle, et M 2 
est un reste methacrylate de methyle. 

13. Copolymere sequence selon la revendication 1, dans lequel M 1 est un reste acrylate de butyle, et M 2 
35 est un reste styrene. 

14. Copolymere sequence selon la revendication 1, dans lequel M 1 est un reste acrylate de butyle, et 
-(M 2 ) m -consiste en un reste N-phenylmaleimido et un reste methacrylate de methyle. 

40 15. Copolymere sequence selon la revendication 1, dans lequel M 1 est un reste acrylate d'ethyl-2 hexyle, 
et M 2 est un reste methacrylate de methyle. 

16. Copolymere sequence selon la revendication 1, dans lequel M 1 est un reste acrylate d'ethyl-2 hexyle, 
et M 2 est un reste styrene. 

45 

17. Copolymere sequence selon la revendication 1, qui se presente sous la forme d'un elastomere, d'un 
materiau d'etancheite, d'un mateViau de garniture, d'une matiere adhesive, d ? un materiau resistant aux 
vibrations, d'un materiau insonore, d'un materiau pour semelles ou d'un tuyau souple. 

~ 50 18. Procede* de fabrication d'un copolymere sequence tel que defini a la revendication Irdans lequel un 
ester acrylique represents par la formule suivante : 



55 
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CH=CH 
I 

OR 3 

dans laquelle R 3 designe un groupe hydrbcarbyie ayant 1 a 18 atomes de carbohe, qui peut ou peut ne 
pas etre substituS par un groupe alcoxy ou hydroxy, est phbtopolymertse avec utilisation, comme 
initiateur de photopolymerisation, d'un compose de type dithiocarbamate represente par la formule 
generate (II) : 




(II) 



dans laquelle : 

- les deux R\ qui peuvent etre differents ou identiques, represented un groupe hydrocarbyle ayant 
de 1 it 3 atomes de carbone, et 

- les deux R 2 , qui peuvent etre differents ou identiques, represented un groupe hydrocarbyle ayant 
1 a 3 atomes de carbone, 

ce qui permet de former un intermSdiaire pb!ym£re comprenant un polymfere d'ester acrylique 
contenant des groupes dithiocarbamate h ses deux extremites, 
et au moins un monomere choisi parmi 

• un ester mSthacrylique ou I'acide methacrylique, represente par la formule suivante : 



<j?H 3 




dans laquelle R 4 est un groupe hydrocarbyle ayant 1 a 18 atomes de carbone ou un atome 
d'hydrogene ; 

• un vinyl aromatique repr6sent§ par la formule suivante: 



R s 
I 

CH 2 =C 



R 6 
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dans laquelle : 

- R 5 est un atome d'hydrogene ou un groupe methyle ; et 

- R 6 est un groupe phe*nyle ou alkylphe*nyle ; ou 
• un maleimide represente par la formule suivante : 



70 




dans laquelle R 7 est un groupe hydrocarbyle ayant 1 a 12 atomes de carbone, ou un groupe phenyle 
ou alkylphe'nyle, 

est photopolymerise avec utilisation dudit intermediaire dithiocarbamate en tant que tel comme 
20 initiateur de photopolym^risation. 
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